US009408535B2

a2z United States Patent (10) Patent No.: US 9,408,535 B2
Mowrey et al. 45) Date of Patent: Aug. 9, 2016

(54) PHOTOREFRACTION OCULAR SCREENING (58) Field of Classification Search
DEVICE AND METHODS CPC ... A61B 3/0008; A61B 3/103; A61B 3/107;
A61B 3/113; A61B 3/158; G0O2C 7/028
(71)  Applicant: Welch Allyn, Inc., Skaneateles Falls, NY USPC oo 351/205, 206, 210, 221, 246

(Us) See application file for complete search history.
(72) Inventors: Richard Allen Mowrey, Ottawa (CA);

Martin Edson Rivers, Kanata (CA); (56) References Cited
Rejean Joseph Yvon Bruno Munger, U.S. PATENT DOCUMENTS
Ottawa (CA)
3,602,580 A 8/1971 Samuels
(73) Assignee: Welch Allyn, Inc., Skaneateles Falls, NY 3,879,113 A 4/1975 Howland et al.
(us) 4,523,820 A 6/1985 Kaakinen

(Continued)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by O days.

EP 0962184 12/1999
(21)  Appl. No.: 14/963,332 EP 1308128 5/2003
OTHER PUBLICATIONS

(22) Filed: Dec. 9, 2015

International Search Report for PCT/US12/1225665 dated Aug. 31,

(65) Prior Publication Data 2012

US 2016/0089021 A1l Mar. 31, 2016
Primary Examiner — Huy K Mai

Related U.S. Application Data (74) Attorney, Agent, or Firm — Merchant & Gould P.C.
(62) Division of application No. 13/399,682, filed on Feb.
17, 2012, now Pat. No. 9,237,846. (57) ABSTRACT
(60)  Provisional application No. 61/443,871, filed on Feb. A photorefraction ocular screening device for assessing
17, 2011. vision and corresponding disorders associated with the

human ocular system is provided. More specifically, the

(31)  Int. Cl. present invention provides for a photorefraction ocular
A6IB 3/10 (2006.01) screening device employing advanced methods of pupil
A61B 3/103 (2006.01) detection and refractive error analysis. The photorefraction
A61B 3/00 (2006.01) ocular screening device is comprised of an LED arrangement
A61B 5/00 (2006.01) configured with a plurality of irradiation sources serving as

(Continued) visual stimuli, wherein the visual stimuli may be presented in

(52) US.CL Varying illumination patterns to the pupils of an examinee for

CPC oo AGIB 3/103 (2013.01); A61B 3/9025 ~ cxpanding the range of ocular responses that can be used to

(2013.01); A61B 3/14 (2013.01); A61B 3/158 ~ determine refractive error.
(2013.01); A61B 5/725 (2013.01); A61B
5/7246 (2013.01) 13 Claims, 25 Drawing Sheets

1200

REMOVE CORNEAL GLINTS FROM PUPIL - 1202
REGIONS IN AXIS AND CONJUGATE IMAGES

1

APPLY LOW-PASS FILTER TO PUPIL REGIONS OF |~ 1204
IMAGES TO REMOVE NOISE

1

ROTATE PUPIL IMAGES TO ALIGN STIMULUS |~ 1206
ANGLE WITH HORIZONTAL MERIDIAN

1

EXTRACT PIXEL STRIPE OF DATAFROMEACH | 1208
PUPIL REGION CENTERED ON PUPIL CENTER

1

COMPUTE RATIO OF PIXEL INTENSITY VALUES 1210
FOR CORRESPONDING PIXELS IN AXIS AND r~
CONJUGATE PIXEL STRIPS

1

ANALYZE COMBINED PIXEL STRIP AND 1212
GENERATE MEASURE CORRELATED TO
REFRACTIVE ERROR

1

IDENTIFY REFRACTIVE ERROR

|~ 1214




